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− λR˜(x, t) + λ
∫ ∞
0
R˜(x+ y, t)w˜(y, t)dy,
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R˜(t+ dt) = R˜(t)− y ¼
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R∗(ω, t) = µωR∗(ω, t) + λR∗(ω, t)(
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W˜ (y)dy > µ
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w(y, t) = λe−a(t)(y−1)w(y − 1, t) + 2λ(1− e−2a(t)y)w(2y, t)− λw(y), 6@ 8
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w(y, t) = λe−a(t−T )(y−1)w(y − 1, t− T )
+2λ(1− e−2a(t−T )y)w(2y, t− T )− λw(y, t), 6sYs38






















































an exp(−4ny2/2) , 6s>) 8
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npr{¯qrS;Uz3Ł©(´y¯E´ |YprFzz{pB©ªYq | 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ti
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EZrF{¯YEz¼Ù¼¯sÃ|ŁÁ )p¼Ù 8=
Wn(ti + 0) =
{
min[MW ,Wn(ti − 0) + 1] if r(ti − 0) ≥Wn(ti − 0),




r(ti + 0) = max{0, r(ti − 0)−Wn(ti − 0)}. 6L   8
r(t′k + 0) = min[r(t
′
k − 0) + 1,MR].
6 )Y 8
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HHQ ∀t, t < T  T → ∞ 3' N0 → ∞  
HHQ 		ﬀQ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w¯k(t), Rj(t)
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+ w¯2k(t)(1−R2k(t)) + w¯2k−1(t)(1−R2k−1(t))
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w¯N−1(t)RN−1(t)− w¯N (t)(1−RN )
)
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0 = 1, R
(0)




N →∞ 	 	 # T <∞ :  ∀t, t < T, w¯k(t) 	  Rj(t)  !  50':  ﬁ 	  
Q:ﬂﬁ :5'
(31), (33)











w¯k(t) = 0, 0 < j < MR,
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6ﬂ)ps 8· 6ﬂ); 8· 6 ) ) 8· 6 )Y 8b|YE{-6ﬂ)ps38· 6 ) ) 8· 6 )U 8|ŁEnpr±r~¯z{rFErÈY©nprÇz|;E|Ł z{Y¬¯};{
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MW À 1, MR À
1
¼ Cuz
N → ∞ ·WnprCz{zr4qaz6 )Es 8· 6ﬂ); 8· 6ﬂ) ) 8· 6 )Y 8(SrF;q3rapYU{|Y{¯YE|Y¬Jz{zr4qaz ´y{n±z{qa|Ł¬¯¬
E|Y|Yqr{rFF·ySrF4|Y}Ez{r\nprÆU}pqSr4
N
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R = {Rj} 
 j = 1, 2, ... 
 S    
 1 = R0 ≥ R1 ≥ ... 
 limj→∞Rj = 0  2 !Q
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k = 1, 2, ...
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W¯ > µλ















−aj &CQU a = a(w¯)
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−a1j , a1 > a
	
Rj < e




S	 3AE  
Rstj
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w¯
(i)
k , i = 1, 2,
: 
W¯ (1) > W¯ (2)
 5
a(w¯(1)) < a(w¯(2)).
vyr}p{ﬃ{nprpYp¬¯r4q 6ﬂ)ps38· 6 )U 8· 6 ) ) 8· 6ﬂ)Ł 8,´y{n
N,MW ,MR =∞ · ε > 0 ¼,(r4r|Yz ε→ 0






npr ©ªY¬¯¬´y¯p3´|gI6@YqE|Y{r ´yºnnpr »Ez(|ŁE1z{rF4YE1|Ł}~¯¬¸|ŁCz{Zz{rFqaz8¼
Jﬁ¯zÃ{npraz¬¯´ «Ł|Ł¯|Yp¬r>z
wˆ(t0)
|Łr»p~r> |YE\©ß|;z «Ł|Ł¯|Yp¬r>z©ªY¬¯¬´ 6 )U 8· 6 )Y 8(}E{¯p1z{Yqr
qr U{r4«|Y¬























N = 1ε → ∞
·6{nErzr>¹U}pr4E4rFz
wˆ(t(N)), Rˆ(t(N))
{r4Ábaz{Y¬¯}{¯Y{26 )Es 8· 6ﬂ); 8· 6ﬂ) ) 8 ∀T |ŁÁ t < T ¼





N,MW ,MR = ∞ 
  5@ﬁ Dﬁ ﬂﬁ : 3: Q' wˆ(0)k Rˆ(0)j
 U	'L ﬃ5	Dﬂﬁ :  # 3'
k, j → ∞     Rˆj(t) < e−a0j , a0 > 0, t < T 
 5 HQI 
 ' wˆk(t) 2HQI': ﬂﬁ :  
(31)− (34)  U	': S3'ﬃ5: Q ﬁ 	  # 3' k →∞ 
 t < T  
/du©ª;¬¬¯g´z(©ª{;q0{nE¯zÃ¬¯r4qqa|C{nE|Łu©ª;
N ≥ N0 À 1 · MW À 1 · MR À 1 |ŁE t < T, T =
T (N0)
{nprÆz{Y¬¯};&±nprB»Ep{rÆz{zr4q
(31) − (34) ´ynnprFz{r ¬¯|Y{;r N, MW , MR |YE
 {}pEF|{r>¯p{¸|Ł¬W«Ł|Ł¬¯}prFz¯z¬¯;z{ru3nprz;¬}p{¯Y{3nprzz{rFq*´y{n





Wˆ (0) > µλ

















−aj ·Y{nEryqrF|Y3«Ł|Ł¬¯}pr Wˆ st(Rˆ) = Wˆ st(a)





































































(31), (32), (33), (34)
 !3'   '	  ﬁ 	  
(31), (33), (35)
	0	
t ≤ T 

∀T <∞   !5: 	AE   ﬁ ' Qﬁ 	
 :@	 #ﬁ Q  		 0 < t ≤ T  
	 £ ÏWÏ = Y©(FWrFq3qa|M°©ª;¬¬¯´z,©ªYq FWrFq3qa|;z²,¼
  
 Ë ¤ @ Í

Ë ßÐ  Ë ¢
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N → ∞ nprqr>|ŁB«|Ł¬¯}prFz Ew¯k(t) r4EB\npr´rF|Ł³ﬃzrFEz{r	{
nprz;¬}¯Y{ 6ﬂ)ps 8· 6ﬂ) ) 8· 6@   8· 6ﬂ)Y 8¼
­,YEz{¯pr4°|Bz{r U Ł©z{rF¹U}prFEr>z w = {wi}∞i=0
·
wi ≥ 0 ·
∑
i wi = 1




|w(1)i − w(2)i |
i+ 1
¼ FWr4npr°z}pÁzr4 UN Sr|Cz{ruŁ© w, wi = ni/N ·
´ynprF{r
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 6 )Es 8· 6ﬂ); 8· 6ﬂ) M 8¼mnE¯z Sr4q3zÃ}EzÃ{\YqE|Y{rnpr
z{Y¬¯}{¯Y{
K
-6ﬂ)ps 8 − 6ﬂ) M 8,´y{n1{npr04 |Ł³Yg«apr>z{z6L   8 − 6ﬂ)Y 8,|ŁÁb{E{«Yr mnprFYr4q5  






















) = (1− a)W ≈ e−aW 6 )   8
Pr(
¬Uz{z\|3´y¯E´
) = 1− (1− a)W ≈ 1− e−aW 6ª; 8
§
rap´#r»EprnprCm(­, ¯zrr3{¯qr4 |Ł³Yg«BnE|Ł¯W¼Cmnpraz|Ł{r>z	|Łr°{nEr´y¯E´#z¯¿4r>z
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1− e−a 1− e−2a 1− e−3a 0 · · ·
e−a 0 0 1− e−4a
0 e−2a 0 0
0 e−3a 0





















‖pi(n)− pi‖ = O(ρn) 6ªU 8
©ª;yr4«Yr4
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l (pi · 1 · p)l = (E[I(0)])2
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